Abstract. We present multipoint observations of a series of bursty bulk flow events (BBFs) observed by WIND and GEOTAIL positioned in roughly the same local time sector in the magnetotail. Simultaneous IMP8 measurements from the solar wind showed significant amounts of energy coupling into the magnetosphere while the ultraviolet imager (UVI) on POLAR evidenced the energy transfer to the ionosphere. Two major substorms composed of localized electrojet activations, were seen on ground magnetometer networks and UVI. There is a correlation between the magnetotail activity at WIND/GEOTAIL and the ionospheric activity at the local time sector of the two spacecraft. On one occasion tailward bursty flows observed at X=-19 Re by GEOTAIL in the magnetotail were correlated well with an intense brightening of the aurora at the presumed footpoint of GEOTAIL even if there were no significant magnetic signatures at the local ground stations, because of the presumed low ionospheric conductivity at that sector. On another occasion, ground magnetic and auroral activity took place 3 hours of local time away from the WIND/GEOTAIL meridian, explaining the lack of magnetotail energizations at the two spacecraft. On yet another time, no significant flux transport was evidenced at WIND despite the very large transport seen past GEOTAIL. Despite the small intersatellite separation (<∆r WI-GT >=(3.54, 2.88, -0.06) R E ) and the high degree of cross-correlation of the slow (V<100 km/s) flows there is little agreement between individual flow bursts as seen at the two satellites, even in cases when the magnetotail activity is extended. We conclude that the half-scale-size of the transport-bearing flow bursts in the magnetotail is less than 3 R E .
Introduction
With the launch of the POLAR satellite most of the elements of the ISTP program [Acuna et al., 1995] are now in place for addressing its major goal: the circulation of the energy and flux from the solar wind through the magnetospheric system and the energy dissipation in the ionosphere. Recent single-spacecraft studies in the Earth's plasma sheet have shown that the primary means of energy and flux transport in the near-neutral sheet magnetotail between 15 and 19 R E downtail are fast, but short-lived flows termed bursty bulk flows [Baumjohann et al., 1992; Angelopoulos et al., 1994a; . These last on the average ~10 min and are composed of minute-long flow bursts.
They are accompanied by dipolarization and ion heating. The one-to-one correlation between these transport-efficient flows with AE and substorms has been less than evident [Angelopoulos, et al., 1992] but in a statistical sense they do correlate with AE increases [Angelopoulos et al., 1994a; .
Multispacecraft studies of plasma acceleration in the magnetotail have led to suggestive evidence for localization in both cross-tail direction [Krimigis and Sarris, 1979; Sergeev et al., 1996] and in the north-south direction [Sergeev et al., 1995] . Such evidence has been suggestive, as no simultaneous plasma measurements at two locations have been used to support them. Nevertheless, such evidence has often led to the conjecture that the absence of transport enhancement in the magnetotail at times of geomagnetic activations may be due to the unfortunate exit (lateral or vertical) of the spacecraft from the active magnetotail region [Hones and Schindler, 1979 ].
The converse situation, i.e., the absence of ground signatures at times of magnetotail energization also occurs: A small subset of BBFs (6% of the database) takes place during quiet conditions (AE<100 nT). Some of those low-AE BBFs are due to high latitude activations of a contracted oval and others can be explained away due to longitudinally localized electrojet activations [e.g., Angelopoulos et al., 1994b] .
Nevertheless, there does exist an even smaller category of events for which, despite the good ground magnetometer network coverage, there are no obvious magnetic signatures correlating with the magnetotail flows. For such events continuous monitoring of the auroral oval emissions simultaneous with magnetotail observations is essential in answering the question whether such flows have indeed no ionospheric consequences, or whether other factors come into play.
In this paper we utilize the unprecedented capabilities of ISTP to address quantitatively the issue of localization of magnetotail transport via multipoint measurements, its relationship to the global magnetospheric circulation and its correlation to ionospheric currents and auroral precipitation.
Observations 3
The events under study took place on March 27, 1996 between 0900 and 1530 UT. The period was selected as a satellite conjunction event by the Geospace Environment Modeling community and corresponds to a WIND perigee pass. Figure 1 (top) presents the satellite locations during the interval of interest. IMP8 was monitoring the solar wind. Figure 2 shows the "Akasofu ε parameter" [Perrault and Akasofu, 1978] and the rectified solar wind electric field as computed from the measured solar wind parameters. Large amounts of energy and magnetic flux were continually coupled into the magnetosphere due to the increased solar wind flow speed (V sw~5 00 km/s) and periods of strong southward component of the interplanetary magnetic field.
WIND and GEOTAIL, equipped with a full suite of particles and fields instruments [Russell, 1995; Nishida, 1994] were traversing the near-Earth plasma sheet.
Separated by ~3 R E in Y gsm they stayed within less than 700 km in Z gsm throughout the period presented. POLAR [Russell, 1995] was monitoring the high latitude magnetosphere. In particular, the UVI instrument on POLAR was monitoring continuously the auroral oval. Geosynchronous satellite GOES 9 was at midnight in the beginning of the period. Ground magnetometer stations from a number of networks (210 magnetic meridian, USGS, CANOPUS-MARIA) were monitoring the auroral electrojet currents.
The location of the stations utilized in the present paper are shown for two universal times of interest, (Figure 1 , middle panels) on a corrected geomagnetic coordinate grid along with the expected location of the discrete auroral oval. The geographic locations of the magnetic projections of WIND, GEOTAIL and GOES9 [blue, red and green dot respectively], using the Tsyganenko [1989] model, are also shown. POLAR/UVI data for the same period are presented in Figure 1 (bottom panels). The images show on a magnetic coordinate system the energy flux density associated with the electron precipitation that corresponds to the observed UV emissions. Figure 3 . These activations were also seen by the UVI imager as intensifications of the UV auroral oval (Figure 1) . However, the UVI imager observed emission intensifications at additional times, when no distinct negative bays were seen in the ground magnetograms. For example at 1102 UT a UV emission intensification was observed at 2200 MLT at a latitude higher than the available ground stations, a condition that may explain why this auroral activation was not seen by these stations. During two other intensifications starting at 1242 UT and at 1301 UT energy flux density of ~5 ergs/s cm^2 was measured at 2100 MLT, i.e. at the footpoints of WIND and GEOTAIL. There was no apparent electrojet intensification at that sector, despite the fairly good ground coverage by the Russian magnetometers. A similar situation took place at 1403 UT, when a very intense UV intensification took place at 2100 MLT (corresponding to the largest energy flux density measured in the period of interest, approximately 15 ergs/s cm^2 ). At that time a very small (50 nT) response was seen in the ionosphere that would not be identified as an electrojet enhancement in the absence of correlative data from another instrument. Only at 1425 UT did this localized, intense auroral activation produce significant electrojet currents at the WIND/GEOTAIL sector. We attribute this to the progressive change of the ionospheric conductivity at that MLT sector, and address this further in the discussion section. The times of UV intensifications in the absence of significant negative bay activity are shown with dashed vertical lines. [Nakamura et al., 1994] . They represent precursor activity to the major 1315 UT substorm onset and its poleward and westward steplike expansion at 1425 UT.
The only difference with pseudobreakups is that they are associated with weak but evident ground magnetic signatures, but the 1242 UT and 1301 UT activations had no such effects.
Magnetotail behavior as monitored by GOES 9, WIND and GEOTAIL is presented in Figure 4 . WIND data correspond to the blue lines, while GEOTAIL data are denoted by red lines. The Z MAG component of magnetometer data from the GOES 9 spacecraft (green line, top panel) in magnetic coordinates indicate a strong dipolarization during the 0943 UT substorm onset. The Z GSM magnetic field component from WIND is plotted in Figure 4 (b). In correlation with the substorms observed, WIND measured magnetotail dipolarizations (at ~1020 UT and at 1425 UT), one for each substorm. These dipolarizations were significantly delayed relative to the first indication of substorm activity for reasons that will become clear later.
Limited GEOTAIL magnetometer data are available from the period of interest due to an on board RAM error after 0920 UT. The available data were used to verify the computation of the magnetic pressure at GEOTAIL from the total measured pressure at WIND, under the assumption that the pressure drops with downtail distance according to the Mihalov et al. [1968] formula. A software error limits also the availability of plasma data from the GEOTAIL spacecraft after 1315 UT. Nevertheless the electric field instrument provides important information on flux transport rate past GEOTAIL in the period after 1315 UT and its Y GSE component is plotted in panel (e) along with the same component on WIND as computed from the plasma and magnetic field measurements on that spacecraft.
The magnetic and plasma pressure at the two satellites was used to produce the plasma beta (β) that is shown in Figure 4 , panel (c). The plasma beta was used as a proxy of the satellite location: when β>1 we assumed that the spacecraft was in the inner plasma sheet (i.e. close to the neutral sheet). In addition, dots below the zero-line of panel (b) represent times when the X-GSM component of the magnetic field at WIND was less than 1 nT, also indicating the close proximity of the spacecraft to the neutral sheet. On the basis of the available data (including the spacecraft potential measurements from the electric field experiment on GEOTAIL) we conclude that both WIND and GEOTAIL were in the inner plasma sheet (IPS) during most of the period of interest, except the interval prior to 1015 UT, when either one or both spacecraft were in the outer parts of the plasma sheet or lobe.
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The energy flux density at GEOTAIL and at WIND are shown in panel (d) (note that for GEOTAIL the Poynting flux was not available and thus not included in this computation, but its contribution is expected to be smaller than the contribution of the term V x P, where V x is the plasma flow velocity and P is the total pressure). The X-component of the flow velocity measured at the two spacecraft is shown in panel (f). The color-coded angular spectrograms in Figure 4 represent the differential particle flux of ~70 keV ions plotted versus azimuth angle and time. They are measured by the energetic particle instruments SST and EPIC, on board WIND and GEOTAIL respectively.
Both during the first and during the second substorm clear signatures of activity can be seen at GEOTAIL and WIND, but as it will become evident later only the elemental ground activations that were at the meridian of the spacecraft were correlated with the space observations. At 0943 UT both spacecraft were located somewhat further from the neutral sheet as evidenced by the transient decrease of β at WIND and the persistently small β at GEOTAIL. (Note that the limited duration and magnitude flows at WIND prior to 0943 UT correspond to an earlier activation, and is not of interest in this paper). Rapid entry of WIND and GEOTAIL closer to the neutral sheet (β>1) took place at ~1015 UT. This entry is typical of the plasma sheet recovery at late expansion/recovery phase of substorms. It occurred ~30 minutes after onset, a prolonged delay based on previously quoted tailward [Jacquey et al., 1993; Ohtani et al., 1991] or longitudinal [Nagai, 1982] expansion speeds of the dipolarization front, in particular since we determined that the meridian of the onset was just 0.5 hours of local time East of the footpoint of GEOTAIL. To resolve this puzzle we examined the progression of the substorm meridian with time and concluded on the basis of the Y-component of high latitude magnetograms that the meridian moved abruptly West of KOT at 1012 UT. This implies a westward expansion of the high latitude electrojet that is commensurate with the observed plasma sheet recovery, and a localization of the active magnetotail sector. On the basis of the increase of the plasma beta, as well as the time of appearance of earthward boundary layer beams in the energetic particle spectrograms (a typical feature of plasma sheet recovery) we conclude that there was a 5 minute delay in the plasma sheet recovery seen at the two spacecraft. WIND re-entered the plasma sheet before GEOTAIL. This delay can be explained as partly due to the vertical separation between the spacecraft (~700 km), or due to tailward expansion of a dipolarization front [Jacquey et al., 1993; Ohtani, et al., 1992] . Thus, simultaneous to the westward progression of the activation, there is tailward and/or vertical expansion of the plasma sheet resulting in a complex topology that cannot be readily deconvolved in the absence of multi (>=4) point measurements.
The second onset (~1315 UT) which took place 3 hours of MLT away from the WIND/GEOTAIL meridian had no immediate correlative signature at the spacecraft.
However that substorm started with the 1242 UT precursor that was observed as a classical reconnection-type activity in the magnetotail. At GEOTAIL, tailward flows, tailward energetic particle anisotropies and large fluctuating electric fields were seen starting at 1240 UT. The plasma beta was large both during the time that the flows started and when a large pulse of flow (900 km/s) was observed at ~1300 UT. At that time the measured electric field Ey exhibited a bipolar signature, commensurate with a tailward moving flux rope. WIND observations during the same period indicate slower flows, moderate energetic particle anisotropy and less variable electric fields. Opposite direction flows and energetic particle anisotropies were seen at WIND and GEOTAIL at 1300 UT for approximately 3 minutes. This may be interpreted either as a longitudinally extended source that is located between the spacecraft (and is thus localized in the X direction), or as longitudinally structured region (and thus composed of Y-direction localized acceleration centers). This ambiguity results from the separation of the spacecraft in both X and Y. Nevertheless, the clearly different signatures of the magnetotail flows document that the observed activation region was only a few R E in Y or X. This tail activity took place during the auroral intensification seen by UVI at the footpoint of WIND/GEOTAIL but in the absence of ground magnetic signatures.
The 1403 UT activation corresponds to moderate intensity flows and anisotropies at WIND but intense Earthward/duskward anisotropy energetic particles at GEOTAIL as indicated in panels (f)-(h) of Figure 4 . The absense of an intense electric field at GEOTAIL at 1403 UT suggests that the particle anisotropies did not have a corresponding convective component and are probably evidence of field aligned beams.
The onset of the activity was nearly simultaneous at WIND, GEOTAIL and the ground (UVI images). The ground magnetic signatures of the activation were moderate despite the very intense electron precipitation seen at UVI. The magnetic response became quite large at 1425 UT, a time when an intense dipolarization was seen at WIND and the energetic particle flux intensified further at GEOTAIL. The large scale characteristics of the anisotropy at WIND and GEOTAIL were quite similar, although much like in the previous substorms, no detailed short time correlation was observed between the two spacecraft.
During this onset the largest electric field signatures (90 kV/Re) over the period of interest were observed at GEOTAIL. Two bursts of flux transport lasting ~5 min and ~2 min respectively were measured at GEOTAIL, associated with duskward electric field, yet only oscillatory electric fields of much lower intensity were seen at WIND. Again, this is direct evidence of localized flux transport in the magnetotail.
The cumulative energy and flux transport in the tail ( Figure 5, panels (c) , (d)) can be compared directly to the solar wind energy and magnetic flux input ( Figure 5, panels  (a) and (b) ). The latter quantities are the cumulative integrals of the ε parameter and the rectified electric field (Figure 2, panels (c), (d) ) with the assumption of a 20% efficiency in the electrodynamic coupling between solar wind and magnetosphere [Weiss et al, 1992] .
Since the energy coupling to the magnetosphere is partly through directly driven processes, that are primarily affecting the ring current energy, we also computed the ionospheric part of the energy dissipation [Perrault and Akasofu, 1978 ] P iono =3*AE*10^15 ergs/s that is due to Joule heating and particle precipitation. We produced an estimate (not definitive) of the AE index for the period using all available stations (including dayside ones) after properly subtracting the quiet day variation. Integration of P iono produced the second curve of panel (a) in Figure 5 .
Despite the continual energy and magnetic flux input from the solar wind, only limited intervals of Earthward energy and magnetic flux transport are observed in the tail.
During the first substorm interval (between 0943 and ~1240 UT) the expected flux/energy transport in the magnetosphere can be explained as a series of 10 minute duration transport efficient fast flows that extend over a 7 R E wide region in the cross-tail dimension and a 5 R E thick region in the north-south direction (2.5 10^7 Wb/RE X 7 RE = 1.75 10^8 Wb; 1.5 10^20 ergs/RE^2 X 5X7 RE2 = 0.5 X10^22 ergs). The uncorrelated behavior of the flows at the two spacecraft suggests an even smaller scale size of the individual bursts (less than 3 R E ).
During the second substorm the importance of the localization of the magnetotail flow bursts becomes evident: Significantly different amounts of flux transport were measured thrice at GEOTAIL (1242, 1301, 1403 UT) but not at WIND. Very different amounts of energy flux were measured at the two spacecraft during the first two activations. This leads to a qualitatively very different perception of magnetotail transport at the two spacecraft even over long time scales: WIND observed only a dipolarization of the field without significant flux or energy trasport. GEOTAIL observed a transport of 1.6X10 7 Wb/R E , over the interval between 1243-1600 UT, which can explain the expected flux circulation of 2X10 8 Wb in the tail for a cross-tail scale size of ~12.5 R E . This would have been our estimate of the event in the absence of WIND measurements. However, the lack of any significant transport at WIND suggests that phenomena are localized to less than the intersatellite separation (~3 R E ). We must, then, conclude that the total magnetotail flux transport during this period is due to the action of several such localized activations operating at different times and at positions away from either spacecraft.
Discussion.
Despite the effort to understand the lack of a good correlation of a limited subset of bursty flows with geomagnetic activity such efforts remained fruitless thus far. With the operation of the POLAR/UVI imager that provides continual global images of the ionospheric auroral intensifications it is now possible to look continuously and globally for evidence of ground correlations of all observed bursty flows in the magnetotail. During the fortuitous conjunction of satellites on March 27, 1996 such a situation took place at 1250-1315 UT. GEOTAIL observed the occurrence of fast tailward flows, while UVI documented the presence of ionospheric activity in the absence of an observable ionospheric current flow in ground magnetometer data underneath the auroral activation.
Our conclusion of that there was no electrojet intensification at the time is based on 1) the small (~500 km) separation of the stations 2) the ~100 km response radius of ground magnetometers 3) the position of the emissions exactly above the available ground stations 4) the repeated observation of the absence of significant currents during three activations at 1242, 1301 and 1403 UT. It is unlikely that all three UV activations were centered exactly at the same position between the three ground stations to within 1 o MLAT and 2 o MLT required for the currents produced to avoid detection.
We attribute the discrepancy between ground magnetic signatures and UV emissions to low ionospheric conductivity at the MLT sector of the Russian ground stations: At 1242 and 1301 UT the UV emissions gave no magnetic signature, while at 1403 UT such emissions produced a very small signature. (Note that the 1315 UT activation that produced an electrojet enhancement was 3 MLT hours away from the meridian of the Russian stations and does not play a role in this discussion). The 1403 UT emissions were the strongest in the entire ~6 hour interval studied, and signal a possible increase in the rate of change of the ionospheric conductivity. At 1425 UT clear magnetic signatures were seen as presumably the ionospheric conductity had changed enough due to the repeated occurrences of precipitation of magnetospheric electrons prior to that time, in order to produce measurable currents responding to yet another magnetospheric activation. This finding suggests that magnetotail acceleration and ionospheric energy release through electron precipitation (but no Joule heating) may start in the absence of ionospheric current closure, and last for tens of minutes. This can occur even if a full scale classical substorm (associated with a magnetospheric current wedge) may be absent in the ground magnetic records.
There is clear evidence of localization of magnetospheric activity: At 1315 UT, when substorm activity was evident in the ground magnetic records 3 hours of MLT away from WIND and GEOTAIL, the two spacecraft did not observe any energy or flux transport. Even in the case of substorms at the meridian of the two spacecraft, when the region of substorm energization is expected to be broader than the intersatellite separation, the details of the fast flows observed are very different. Such was the case at 0943 UT when only the gross temporal-scale features of the anisotropy is similar at WIND and GEOTAIL, despite the spacecraft's proximity (~3 R E in X and Y). There is a broad envelope of transport enhancement, but seemingly uncorrelated flows at the two spacecraft.
A clear case where this localization gives a very different impression of magnetotail transport viewed from two different locations is the second substorm period: At WIND there was no evidence for net flux transport whereas at GEOTAIL tailward flows were seen in correlation with the 1243 UT onset and intense flux transport was measured at 1425 UT.
As a result the integrated effects at the two spacecraft were very different. For both substorms the intersatellite separation suggests that the half-scale size of the flows is less than 3.5 R E .
Previous studies of magnetotail acceleration regions in the Earth's plasma sheet have shown good evidence for localization down to scales of ~1 R E [Krimigis and Sarris, 1976; Hones and Schindler, 1979; Cattell and Mozer, 1982; Sergeev et al., 1996; . Recent theoretical and modeling [Pritchett and Coroniti, 1996] efforts suggest that finite longitudinal wavenumber modes may be the only possible way to overcome the electron stabilization of ion tearing [Pellat et al., 1994] . Observed deviations from planar geometry of the near Earth plasma sheet and duskward electric field also abound in the literature [Andrews et al., 1981; Lennartsson et al., 1992; Hirahara et al., 1994] . Future ISTP conjunctions may help better define the processes under way during magnetotail energy dissipation processes and compare the spatial regions of activity in the plasma sheet to the extent and evolution of ionospheric currents. b) ) into the magnetosphere from the solar wind. The top panel also presents the ionospheric cumulative energy consumption due to Joule heating and particle precipitation. The difference between that and the input solar wind energy is presumably due to the ring current dissipation that is partially a directly driven process. Panels (c) and (d) present the cumulative energy transport per unit area and cumulative flux transport per unit Y-distance in the magnetosphere. Blue traces correspond to measurements on WIND and red traces to measurements on GEOTAIL.
